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Argonaute proteins are key players in gene silencing involving small RNAs. In this issue, 
Yigit et al. (2006) report a comprehensive study of Argonautes in the worm that places 
many of the 27 family members into a complex gene-silencing network.The finding that double-stranded 
(ds)RNAs can induce gene silencing 
through RNA interference (RNAi) at 
a posttranscriptional level is a mile-
stone discovery (Fire et al., 1998) that 
garnered this year’s Nobel Prize in 
Physiology or Medicine. The under-
lying mechanism of RNAi is remark-
ably conserved and relatively simple. 
dsRNA of an endogenous or exog-
enous source is cut into small inter-
fering RNA (siRNA)-duplexes by the 
RNase III enzyme Dicer (Bernstein et 
al., 2001). Dicing is coupled to loading 
these siRNAs into the RNA-induced 
silencing complex (RISC), which has 
an Argonaute protein as the core 
enzyme. The siRNA guides the RISC 
complex to the target messenger RNA 
(mRNA), which is degraded through 
endonucleolytic cleavage by the Arg-
onaute protein (Liu et al., 2004).
Argonaute proteins are character-
ized by two domains. The PAZ domain 
provides a binding pocket for the 3′ 
end of the siRNA, the PIWI domain 
binds to the 5′ end of the siRNA as well 
as to the target RNA and carries active 
residues for endonucleolytic cleavage 
in many, but not all, family members. 
The number of Argonaute protein fam-
ily members varies between organ-
isms: humans have eight, Drosophila 
five, Arabidopsis ten, and the worm 
Caenorhabditis elegans as many as 
27. Although it is likely that all Argo-
nautes bind to small RNAs, only a 
few have been placed into one of the 
many RNA silencing pathways, and 
few of the classes of small RNAs to 
which they bind have been character-
ized. In this issue, Yigit et al. (2006) 
provide a comprehensive analysis of 
the C. elegans Argonautes, knock-ing out all 27 worm Argonaute genes. 
They describe the function as well as 
the small RNA partners for a number 
of previously uncharacterized family 
members. Perhaps their most intrigu-
ing findings are that several different 
Argonautes act at different steps in the 
same RNAi pathway and that different 
RNA silencing pathways intersect on a 
specific class of Argonautes.
Worm RNAi differs from RNAi in most 
other animals because the silencing 
signal is amplified (Sijen et al., 2001). 
The siRNAs produced from the initial 
(exogenous) dsRNA trigger are called 
primary siRNAs, and the Argonaute 
that binds to these (RDE-1) is called 
a primary Argonaute. Once RDE-1 is 
guided to the target RNA by the pri-
mary siRNA, an RNA-directed RNA 
polymerase (RdRP) generates new 
dsRNAs upstream of the initial trigger. 
The new dsRNAs are processed into 
a new class of siRNAs, called second-
ary siRNAs, which can initiate another 
round of silencing. One biological 
role of the worm RNAi machinery is 
to defend the cell against molecular 
parasites—such as viruses and trans-
posons (Plasterk, 2002)—which need 
to be constantly silenced. In a perma-
nent effort to discriminate self from 
nonself, it is crucial to ensure the spe-
cificity of the amplified signal. Ampli-
fication ensures the efficient removal 
of target RNA, but it also leads to an 
increased risk of nonspecific or “off-
target” effects by the perpetual gener-
ation of secondary siRNAs. Several of 
the Argonautes that Yigit et al. (2006) 
describe (SAGO-1, SAGO-2, and PPW-
1) bind to and stabilize secondary siR-
NAs and are therefore called second-
ary Argonautes. They are required for Cell 127, NoveRNAi, they are redundant (only worms 
lacking the group of secondary Argo-
naute-encoding genes are completely 
RNAi deficient), and they seem to form 
the rate-limiting step of the process, 
as their overexpression leads to accu-
mulation of more secondary siRNAs. 
Interestingly, they lack the conserved 
catalytic residues required for tar-
get cleavage. Their inability to cleave 
target RNAs may prevent them from 
inducing further amplification and the 
exponential generation of second-
ary siRNAs. However, their require-
ment for silencing shows that they are 
involved in the RNA target degrada-
tion that accompanies RNAi through 
a mechanism that has yet to be deter-
mined. Another open question is how 
the pathway distinguishes primary and 
secondary siRNAs in order to be able 
to load them into distinct Argonautes, 
given that both classes of small RNAs 
are processed from dsRNA precur-
sors. The RdRP complex might recruit 
both Dicer and specifically secondary 
Argonautes; dsRNA generation, dic-
ing, and Argonaute loading might thus 
be coupled.
RNAi is not the only posttranscrip-
tional silencing pathway that involves 
small RNAs. The Argonautes that are 
required for silencing by microRNAs 
in worms have been characterized 
(Grishok et al., 2001). Another Argo-
naute described by Yigit et al. (2006), 
ERGO-1, is required for production of 
endo-siRNAs, a class of small RNAs 
of unknown function first described 
by Ambros et al. (2003). Based on 
homology, ERGO-1 is likely to act 
as a primary Argonaute in the endo-
RNAi pathway, analogous to RDE-1 
in the exo-RNAi pathway. It remains mber 17, 2006 ©2006 Elsevier Inc. 667
figure 1. The endo- and exo-RnAi Pathways converge on secondary Argonautes
The model postulates that primary small interfering (si)RNAs are produced from double-stranded 
(ds)RNA by Dicer in both the exo- and endo-RNA interference (RNAi) pathway. Primary Argonautes 
are distinct for the two pathways, with RDE-1 binding to primary exo-siRNAs and ERGO-1 binding 
to primary endo-siRNAs. After mRNA target recognition and presumably cleavage by the primary 
Argonaute, an RNA-dependent RNA polymerase (RdRP) generates new dsRNA, which acts again 
as a substrate for Dicer. The resulting secondary siRNAs of both pathways are bound by the same 
set of secondary Argonautes, which includes SAGO-1, SAGO-2, and PPW-1. The secondary Argo-
nautes are involved in target degradation by an unknown mechanism. (Worm Argonautes charac-
terized by Yigit et al. (2006) are shown in color; characterized RNAi factors are gray).to be elucidated how primary siRNAs 
from different sources end up in dif-
ferent Argonautes after dicing. Inter-
estingly, the secondary Argonautes 
that bind to secondary exo- siRNAs 
also bind to endo-siRNAs, implying 
that endo-RNAi is also an RdRP-
amplified process. In any case, the 
exo- and endo-RNAi pathways seem 
to converge on the secondary Argo-
nautes. They might thus represent the 
main degrading mechanism of target 
RNAs, which is shared between the 
two RNAi pathways, with the primary 
Argonautes providing primary target 668 Cell 127, November 17, 2006 ©2006 recognition and ensuring specificity 
of the amplification (Figure 1).
The range of Argonaute protein 
function seems to go beyond post-
transcriptional gene-silencing path-
ways. In Drosophila and mammals, 
the PIWI Argonautes act in the germ-
line and bind to distinct classes of 
small RNAs (reviewed in Kim, 2006). 
Argonautes are also involved in chro-
matin remodeling in many organisms, 
which has been most studied in yeast 
(Verdel et al., 2004). In C. elegans, as 
in fungi, RNAi can induce heritable 
gene silencing, probably at the level of Elsevier Inc.chromatin (Vastenhouw et al., 2006), 
and it is possible that Argonautes are 
also involved in this process. Yigit et 
al. (2006) describe a worm Argonaute 
knockout (csr-1) with chromosome 
segregation defects at metaphase 
of the cell cycle in the early embryo. 
Another Argonaute knockout (prg-1) 
exhibited reduced fertility and a tem-
perature-sensitive sterile phenotype.
Although we do not yet understand 
the molecular mechanisms of these 
processes, all Argonautes analyzed 
so far share their ability to bind to 
small RNAs. The future challenges 
are obvious. How many classes of 
small RNAs exist? Which Argonautes 
bind to which classes of small RNAs? 
How are these small RNAs gener-
ated? And what are their biological 
functions? Yigit et al. (2006) show 
that certain Argonautes are involved 
in development, fertility, and RNAi, 
but for many Argonautes, their func-
tions remain to be determined.
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